A new method was used to explore the role of perceptual information in familiarity-based recognition. The method uses a pairwise recognition task to compare recognition judgments to a test word when that word is related and unrelated to an immediately preceding word. If the false-alarm rate to the test word is greater when the two words are related, this is interpreted as reflecting an increase in the likelihood of positive familiarity assessment to the test word (Ngo, C. T., Sargent, J., & Dopkins, S. [2007]. Level of discrimination for recognition judgments reduced following the recognition of semantically related words. Journal of Memory and Language, 57, 415-436. doi:10.1016/j.jml.2007.05.007). The occurrence of such an increase for a given sort of preceding word-test word relatedness is taken as indicating that information of the sort in question is involved in familiarity-based recognition. Whereas previous work with this method has failed to find evidence that perceptual information is involved in familiarity-based recognition, the present study observed such evidence, under conditions in which previous work with other methods suggested that perceptual information would be likely to be involved in familiarity-based recognition. Thus, the study helped to validate the method and produced converging evidence that perceptual information is sometimes involved in familiarity-based recognition. The results of the study suggest that perceptual information is more likely to be involved in familiarity-based recognition when the lists for the recognition task are short.
Dual process theories distinguish two aspects of recognition. First, an item may be recollected as having occurred previously in a certain context. Second, an item may be experienced as familiar in a sense that is detached from context (Jacoby, 1991; Mandler, 1991) . Recognition on the basis of familiarity is of particular interest because it inhabits a gray area between explicit memory, in which past experience is consciously remembered, and implicit memory, in which past experience affects present behaviour, in the absence of awareness.
Proponents of the dual process view disagree regarding the mental representation underlying familiarity-based recognition. In early work, the familiarity representation was seen as recording perceptual information (Mandler, 1980) . In subsequent work, some writers have argued that this representation records only conceptual information (Brainerd, Reyna, & Mojardin, 1999) . Other writers have argued that this representation records perceptual as well as conceptual information (Jacoby, 1991) .
The properties of the familiarity representation are of theoretical interest. An influential view of recognition holds that familiaritybased recognition reflects the long-term knowledge system whereas recollection reflects a system that preserves experience over the shorter term so that long-term knowledge can be adjusted to reflect this experience (McClelland, McNaughton, & O'Reilly, 1995; Norman & O'Reilly, 2003) . Under this view, one would expect conceptual information to be more important than perceptual information in the familiarity representation.
The empirical record regarding the familiarity representation is mixed. When perceptual and conceptual information have been pitted against one another, as potential bases for familiarity-based recognition, conceptual information has generally prevailed. Specifically, a number of studies have demonstrated higher levels of familiaritybased recognition following conceptual as opposed to perceptual processing at encoding. For example, the process dissociation procedure has been used to show higher levels of familiarity-based recognition following conceptual tasks (rating the pleasantness of words, solving anagrams, studying to-be-remembered items in pictorial form) than following perceptual tasks (counting syllables, rating the difficulty of generating rhymes to words, studying to-beremembered items in word form; Jacoby, 1991; Toth, 1996; Wagner, Gabrieli, & Verfaellie, 1997; Yonelinas, 2001) . Similarly, the independence remember/know procedure has been used to show higher levels of familiarity-based recognition following conceptual tasks (rating the pleasantness of words, studying to-beremembered items in pictorial form) than following perceptual tasks (counting syllables, studying to-be-remembered items in word form; Wagner et al., 1997; Yonelinas, 2001) .
Although conceptual information has prevailed over perceptual information in the studies just cited, we need not conclude that the familiarity representation records only conceptual information. Past work argues against the idea of a negative contingency between the encoding of perceptual and conceptual information in memory (Craik, Moscovitch, & McDowd, 1994) . Thus, we should be open to the possibility that the familiarity representation records perceptual as well as conceptual information.
And support has accumulated for this possibility. Much of this support has been obtained by manipulating the congruence of the study and test modalities in recognition tasks. Some results have suggested that perceptual information is recorded under limited processing conditions. For example, when participants perform a perceptual orienting task at study, and when participants' attention is divided at study, the level of "know" responding increases with congruence between study and test modality (visual vs. auditory modality, size of pictorial stimuli; Gardiner, Gregg & Karayianni, 2006; Gardiner, Gregg, Mashru, & Thaman, 2001; Gregg & Gardiner, 1994) . Other results have implied that perceptual information is recorded independently of processing condition. For example, the level of "know" responding increases with congruence between study and test modality (Rajaram, 1993) . And the level of recognition at short response intervals, for which familiarity-based responding would be thought dominant (Gillund & Shiffrin, 1984; Mulligan & Hirshman, 1995) , increases with study/test congruence (Boldini, Russo, & Avons, 2004) . Finally, the level of recognition without identification for words, pseudowords, and nonwords increases with study/test congruence (Arndt, Lee, & Flora, 2008) . All of these findings suggest that the familiarity representation records perceptual information.
In the present study we sought to further explore the role of perceptual information in familiarity-based recognition. We attempted to capitalize on evidence linking attributions of familiarity to assessments of processing fluency (Lindsay & Kelley, 1996; Rajaram, 1993; Roediger & McDermott, 1995; Whittlesea, 1993) . Of particular importance was the finding, attributable to Jacoby and Whitehouse (1989) , that participants in a recognition task are more likely to mistakenly call new test words old if the participants have previously experienced subliminal presentations of these words than if the participants have not experienced such presentations, and that the opposite pattern occurs if the participants have previously experienced supraliminal presentations of the words. In interpretation of this pattern, Jacoby and Whitehouse have proposed that participants who experience subliminal word presentations attribute the greater fluency that arises from these presentations to the familiarity of the words, whereas participants who experience supraliminal word presentations discount the greater fluency that arises from these presentations as reflecting those presentations.
We sought to build on these findings with a new method involving a task in which participants read lists of words and then make recognition judgments to pairs of words, each of which consists of a preceding word and a test word (Lewandowsky, 1986) . Of interest is the performance in the recognition judgment to the test word when the preceding word and test word are perceptually (dot/pot) and conceptually (bucket/pail) related as opposed to unrelated. Using this method, Ngo, Sargent, and Dopkins (2007) observed a supraliminal effect of conceptual relatedness that resembles the subliminal repetition effect of Jacoby and Whitehead. Conceptual relatedness (between the preceding word and the test word) increased the false alarm rate to the test word but had no effect on the hit rate. In explanation of this false-alarm-rate increase (FARI), Ngo et al. proposed, first, that conceptual relatedness increased the fluency with which the test word was processed and thus the likelihood of positive familiarity assessment. They proposed, second, that, whereas responses to new test words primarily reflected familiarity assessment, responses to old test words primarily reflected recollection. They noted that similar proposals had been supported in accounts of the word-frequency-based mirror effect (Joordens & Hockley, 2000) .
In support of their account, Ngo et al. (2007) showed, in follow-up experiments, that, under conditions in which recollection and familiarity assessment would be expected to play, respectively, smaller and larger roles in responses to old test words than in their initial experiments (e.g., shorter study time, shorter response interval (Joordens & Hockley, 2000) ), conceptual relatedness increased the hit-as well as the false-alarm rate to the test word. Ngo et al. argued that these results supported their account, by the following rationale: Whereas conceptual relatedness, and the consequent increased likelihood of positive familiarity assessment, did not increase the hit rate in their initial experiments because familiarity assessment played little role in responses to old test words in these experiments, conceptual relatedness increased the hit rate in their follow-up experiments because familiarity assessment played a larger role in responses to old test words in those experiments.
We suggest that the pairwise recognition method can be used to explore the representational basis of familiarity assessment. We assume the following: (1) that a FARI observed with the method reflects familiarity-based recognition, as suggested by the results of Ngo et al.; and (2) that when a given sort of relatedness produces a FARI, this implies the involvement of the corresponding sort of information in familiarity-based recognition. Applying the method in this way we come up with the following picture: As has been noted, Ngo et al. (2007) found that conceptual relatedness produced a FARI. Under our assumptions, this implies the involvement of conceptual information in familiarity-based recognition in the Ngo et al. experiments. Thus, the finding accords with earlier findings regarding the role of conceptual information in familiarity-based recognition. More recently, Dopkins, Sargent, & Ngo (2010a) found that phonological/orthographic relatedness (e.g., dot/pot) did not produce a FARI in the same pairwise recognition task 1 that was used by Ngo et al. An obvious interpretation of this finding, consistent with our assumptions, is that phonological/orthographic information was not involved in familiarity-based recognition for Dopkins et al. In the context of the Ngo et al. finding, this finding, observed under essentially the same conditions as Ngo et al., accords with earlier suggestions that perceptual information plays a smaller role in familiarity-based recognition than conceptual information does.
The primary goal of the present study was to further clarify the role of perceptual information in familiarity-based recognition 1 The results of Dopkins et al. (2010a) differ from the results of previous studies of the role of fluency in recognition judgments, in which previous processing of various word and non-word material has typically resulted in increases in the false-alarm rate for phonologically-related words (Rhodes & Kelley, 2003; Whittlesea & Williams, 2001) . In these fluency studies, however, participants have performed more complex tasks involving either the preceding material or the test words before making recognition judgments to the test words. It is probably for this reason that the results of the studies did not generalize to the simpler task of Dopkins et al. (2010a) . using the pairwise recognition method. In pursuit of this goal, we showed that phonological/orthographic relatedness (between the preceding word and the test word) produced a FARI under conditions that previous work suggests should make perceptual information more likely than the conditions of Dopkins et al. (2010a) to be involved in familiarity-based recognition. We interpret this result as implying that perceptual information is involved in familiarity-based recognition under these conditions. We suggest that this reinforces previous findings implying that perceptual information is sometimes involved in familiarity-based recognition. More important, we explored the boundary conditions under which phonological/orthographic relatedness produces a FARI. Our intention in doing this was to explore the boundary conditions for the involvement of perceptual information in familiarity-based recognition.
A secondary goal of the study was to advance the pairwise recognition method as a means of exploring the representational basis of recognition. Demonstrating with the method that perceptual information is sometimes involved in familiarity-based recognition argues for the viability of the method, in that the conclusions reached are consistent with the conclusions reached on other grounds. In addition, this demonstration may allow broader use of method to explore the representational basis of recognition, as we explain later. Dopkins et al. (2010a) found that phonological/orthographic relatedness did not affect the false-alarm rate to the test word in the pairwise recognition task. Our interpretation of this finding is that the familiarity representation operative in the Dopkins et al. experiments did not record perceptual information. Experiment 1 sought to show that phonological/orthographic relatedness increased the false-alarm rate in the pairwise recognition task under conditions in which the familiarity representation was more likely than in Dopkins et al. to record perceptual information. We reasoned that this would suggest that the familiarity representation recorded perceptual information under these conditions.
Experiment 1
The experiment differed as follows from the crucial experiments of Dopkins et al. (2010a) : Whereas the experiments of Dopkins et al. consisted of a relatively small number of blocks, on each of which a relatively long study list and a relatively large number of test pairs were presented, Experiment 1 consisted of a relatively large number of blocks, on each of which a relatively short study list and a relatively small number of test pairs were presented. Specifically, whereas the crucial experiments of Dopkins et al. each consisted of 8 blocks, Experiment 1 consisted of 72 blocks; whereas a 32-word study list was presented in each block of the experiments of Dopkins et al., a 12-word study list was presented in each block of Experiment 1; and whereas 32 test pairs were presented in each block of the experiments of Dopkins et al., a single test pair was presented in each block of Experiment 1.
Notice, in particular, two differences between Experiment 1 and the crucial experiments of Dopkins et al. (2010a) . First, the retention interval for Experiment 1 was shorter than the retention interval for the experiments of Dopkins et al. Participants in the Dopkins et al. experiments responded to a series of test pairs after reading through a relatively long study list. For words not tested early in the series, the retention interval was substantial. In contrast, participants in Experiment 1 responded to a single test pair after reading through a shorter study list. Thus, the retention interval was quite short. In rationale for this difference, previous work has shown that the perceptual details of verbal stimuli are better remembered at short than long retention intervals (Gernsbacher, 1985; Kintsch, Welsch, Schmalhofer, & Zimny, 1990; Murphy & Shapiro, 1994) . Second, the study lists for Experiment 1 were shorter than the study lists of Dopkins et al. In rationale for this difference, all of the studies cited earlier as showing that the familiarity representation records perceptual information in the absence of specialized processing used shorter lists than Dopkins et al. used. We reasoned that the long retention interval and long study lists of Dopkins et al. (2010a) could each have been wholly responsible, or could together have been jointly responsible, for an absence of perceptual information in the familiarity representation and thus for the absence of a perceptual relatedness effect in the false-alarm rate to the test word. We reasoned that perceptual information would more likely be recorded in the familiarity representation for Experiment 1, with its shorter retention interval and study lists, and that perceptual relatedness between the preceding word and the test word would therefore be more likely to increase the falsealarm rate to the test word.
In more detail, the stimuli for the experiment were proper names.
2 The rationale for this choice was that the salience of perceptual relationships would be maximized for such stimuli because they have few conceptual associations. The experiment manipulated whether the preceding word and test word were phonologically and orthographically related (Harry/Barry-Related condition), or unrelated (Melvin/Barry -Unrelated condition), whether the preceding word was present in the list (Preceding Word Old condition) or absent from the list (Preceding Word New condition), and whether the test word was present in the list (Test Word Old condition) or absent from the list (Test Word New condition). The goal was to show that the false-alarm rate to the test word was greater in the Related than the Unrelated condition. On the basis of the results of Dopkins et al. (2010a) , we also expected the hit rate to be lower in the Related than the Unrelated condition. This result, which will be discussed later, was not of primary interest. On the basis of the results of Dopkins et al., we expected that this effect would reflect processes other than familiarity-based recognition, and that the effect would be independent of the false-alarm-rate effect. The Preceding Word Polarity variable was included for reasons that will be made clear later; on the basis of past work, no effects were expected as a function of this variable.
Method
Participants. Sixty participants were run in the experiment. As for all of the experiments of the study the participants were students at the George Washington University who completed the study as part of a course requirement.
Design. Relatedness (Related/Unrelated), Preceding Word Polarity (Old/New), and Test Word Polarity (Old/New) were manipulated within participants. Crossing these three variables produced eight conditions. Over the course of the 72 blocks of the experiment, nine test pairs (preceding-word-test-word pairs) were presented in each of these conditions. Materials. The materials for a given participant were created as follows: First, test pairs were created for the 72 blocks. The test pairs were generated from a set of 72 proper-name triples. The first two names of each triple rhymed and shared all but one or two letters (Harry/Barry), whereas the third name had no obvious phonological or orthographic relationship to the first or second names (Melvin). The test pairs were derived as follows from the triples: (a) The triples were assigned to the 72 blocks, one pair to a block, according a random scheme that was unique to the participant in question. (b) The triples were assigned to the eight conditions, nine triples to a condition, according to a random scheme that was unique to the participant in question. (c) A test pair was created as follows for a given block: The first name of the triple was the test word. For conditions in which the preceding word and test word were related, the second name of the triple was the preceding word. For conditions in which the preceding word and test word were unrelated, the third name of the triple was the preceding word.
Next, the 12-word study lists were created. Given the test pair that was assigned to a particular block, the list for the block was created as follows: (a) If the test pair was assigned to the Preceding Word Old condition, the preceding word was placed in the list. (b) If the test pair was assigned to the Test Word Old condition, the test word was placed in the list. (c) The rest of the words in the list were then sampled without replacement from a set of 792 names. Each list contained both male and female names. (d) The words in the list were placed in a random order that was unique to the participant in question.
Notice that, under the design of the experiment, the study list contained a pair of rhyming words on 12.5% of the blocks. Care was taken to ensure that pairs of list words did not rhyme except in these cases. Notice also that, although the preceding word and test word rhymed on 50% of the blocks, positive and negative responses to the test word were equally likely to be correct regardless of whether or not the preceding word and test word rhymed, and, in cases where the two words rhymed, regardless of whether the preceding word was old or new. Thus, the presence of a rhyming relationship between the preceding word and test word could not be used to infer the correct response to the test word. Notice, finally, that 25% of the new test words rhymed and shared letters with a list word (the preceding word).
Procedure. The experiment was presented on a computer monitor. The participant initiated the presentation of each block by pressing the space bar of the computer keyboard. The study list for the block was then presented, word by word, with each successive word appearing alone in the middle of the screen for 1000 ms. After the last word of the list was presented, a message appeared at the top of screen instructing the participant to count backward silently from a randomly selected number. After 3000 ms, this message disappeared and a message appeared, instructing the participant to prepare for the test phase. After 2000 ms, this message disappeared and the preceding word appeared. This word remained on the screen until the participant responded, at which point it disappeared and the test word appeared in the same location. This word remained on the screen until the participant responded, at which point it disappeared. The participant was instructed to respond positively to each word only if it had appeared in the current study list. The participant was instructed to press the "B" and "N" keys to indicate positive and negative responses, respectively. After the participant responded to the test word, feedback was presented concerning the accuracy of the responses to the preceding word and the test word.
Results
Responses to the preceding word were fairly accurate (probability hit: .80; probability false alarm: .20. Responses to the test word were of primary interest. To explore the nature of the processes underlying the expected relatedness effects, we examined the data for all responses to the test word (noncontingent analysis) and the data for responses to the test word that followed correct responses to the preceding word (contingent analysis). We first present the results of the noncontingent analysis.
Test word old. The hit-and false-alarm rate data are presented in Figure 1 . The hit rate was lower when the preceding word and test word were related than when they were unrelated [F(1, 59) Test word new. The false-alarm rate was higher when the preceding word and test word were related than when they were unrelated. [F(1, 59) ϭ 6.70, MSe ϭ .02]. The false-alarm rate did not vary as a function of whether or not the preceding word was old [F(1, 59) Ͻ 1]. The effects of Relatedness and Preceding Word Polarity did not interact in the false-alarm-rate data [F(1, 59) Ͻ 1].
Although the mean time for correct negative responses was greater when the preceding word and test word were related as opposed to unrelated, the difference was not statistically significant [F(1, 59) ϭ 1.24, MSe ϭ 21,021, p ϭ .27]. The time for correct negative responses was greater when the preceding word was old than when it was new [F(1, 59) ϭ 6.45, MSe ϭ 18,380, p ϭ .01]. The effects of Relatedness and Preceding Word Polarity did not interact in the correct negative response-time data [F(1, 59) Ͻ 1].
The same pattern of effects was present in the contingent analysis, except that the effect of relatedness in the false-alarm-rate data was not quite significant, [F(1, 59) Performance to old and new test words can only be aggregated in terms of a model of the recognition process (MacMillan & Creelman, 1991) . We used the equal-variance Gaussian signal detection model for this purpose. In doing so, we did not intend to embrace this model as an account of our results. In fact, the account that we later suggest for our results is more complex than this. However, given that some version of the signal detection model plays a role in most accounts of the recognition process, we believe that a summary view obtained in terms of the equalvariance Gaussian version of that model should be useful regardless of what particular account is ultimately accepted for our results. Accordingly, an estimate of d 0 was calculated, with the noncontingent data, for each of the two conditions that resulted when the data were collapsed across the Preceding Word Polarity variable (estimates of c were not calculated because the interpretive challenges associated with such were deemed greater than the potential insight that they might provide; Neely & Tse, 2007) . In calculating the estimates of d 0 , hit and false alarm rates of 1.0 and 0.0 were assigned z-score values of 3.09 and 3.09, respectively. The estimate of d 0 was lower when the preceding word and test word were related (1.94) than when they were unrelated (2.44) [F(1, 59) ϭ 10.71, MSe ϭ 1.44, p ϭ .002].
Discussion
Although the basic manipulation of Experiment 1 was the same as for Dopkins et al. (2010a) , previous work suggested that the familiarity representation for the experiment would be more likely to record perceptual information than the familiarity representation of Dopkins et al. Whereas perceptual relatedness had no effect on the false-alarm rate for Dopkins et al., perceptual relatedness increased the false-alarm rate in Experiment 1. These results suggest that the familiarity representation for the experiment recorded perceptual information. The results argue for the viability of the present method for studying the representational basis of familiarity-based recognition. In addition, they demonstrate that Figure 1 . Experiments 1-4: Probability of hit and false alarm to the test word as a function of whether or not the preceding word and test word were related, whether the preceding word was old or new (Experiments 1 and 2), whether the retention interval was long or short (Experiments 2 and 3), and whether the list was short or long (Experiment 4).
perceptual information sometimes plays a role in familiarity-based recognition. It is worth noting, however, that the effect of perceptual relatedness (d ϭ .29) was not as large as the effects of conceptual relatedness in Ngo et al. (average d ϭ .50) .
The experiment also replicated the relatedness effect that Dopkins et al. (2010a) observed in the hit-rate data. Notice that this hit-rate decrease is not what we would expect if responses to old items reflected the same familiarity assessment process that responses to new items reflected. Thus, the process underlying this hit-rate decrease must be independent of the familiarity process. In observing the hit-rate decrease in the absence of a false-alarm-rate increase, Dopkins et al. offer support for this view. We suggest that the hit-rate effect reflects the recollection process, in which retrieval of the test word is impeded if features of the test word are mixed with features of a related preceding word. We offer support for this interpretation later. An effect of preceding word polarity was also observed in the response-time data. Because this effect is tangential to the focus of the present article we will not discuss it further.
Experiments 2-4 sought to reinforce the results of Experiment 1, while at the same time clarifying their underlying basis. Recall that Experiment 1 differed in two ways from the crucial experiments of Dopkins et al. (2010a) , in which phonological/orthographic relatedness did not affect the false-alarm-rate: the retention interval and the study lists were shorter in the former experiment than in the latter experiments. Under the proposed interpretation, one or both of these factors may have been crucial to the contrast between the two sets of results. Experiments 2-4 sought to identify the crucial factor(s).
Experiment 2
Consider, first, the length of the retention interval in the crucial experiments of Dopkins et al. (2010a) and the task of Experiment 1. Memory for the perceptual aspects of verbal stimuli is often better at shorter than at longer retention intervals (Gernsbacher, 1985; Kintsch, Welsch, Schmalhofer, & Zimny, 1990; Murphy & Shapiro, 1994) . Thus, one possible account of the contrast between the two sets of results is that phonological/orthographic information was in both cases recorded in the familiarity representation, but, because the retention interval was longer in the experiments of Dopkins et al. than in Experiment 1, this information faded in those experiments but not in Experiment 1.
Experiment 2 sought support for this account. The task for the experiment was essentially the same as for Experiment 1 except that the length of the retention interval was manipulated. In each of the 36 blocks, the participant read a 12-word study list of proper names and made recognition judgments to two test pairs. One group of participants was tested in the Short Interval condition: the test pairs were presented immediately after the study list. A second group of participants was tested in the Long Interval condition: a mental arithmetic task separated presentation of the study list and presentation of the test pairs. As in Experiment 1, the test pairs for all participants were distributed among the eight conditions that were generated by manipulating whether or not the preceding word and test word were phonologically and orthographically related, whether or not the preceding word was present in the study list, and whether or not the test word was present in the list.
On the basis of the results of Experiment 1, we expected that phonological/orthographic relatedness would increase the falsealarm rate to the test word when the retention interval was short. The object of the experiment was to find out whether phonological/orthographic relatedness increased the false-alarm rate when the retention interval was long. We reasoned that the absence of a relatedness effect on the false-alarm rate when the retention interval was long would suggest that the shorter retention interval of Experiment 1 was crucial to the relatedness effect that was observed in the false-alarm-rate data of that experiment, and by implication, under the proposed interpretation, to the recording of phonological/orthographic information in the familiarity representation for that experiment. On the basis of the results of Dopkins et al. (2010a) , and Experiment 1, we expected that phonological/ orthographic relatedness would decrease the hit rate. Again, this result was not of primary interest. The Preceding Word Polarity variable was included for reasons that will be made clear later; no effects were expected as a function of this variable.
Method
Participants. Sixty-four participants were run in the experiment.
Design. Retention Interval (Short/Long) was manipulated between participants. Thirty-two participants apiece were run in the Short and Long Retention Interval conditions. Relatedness (Related/Unrelated), Preceding Word Polarity (Old/New), and Test Word Polarity (Old/New) were manipulated within participants. Over the course of the 72 test pairs that were presented in the experiment, nine test pairs were presented in each of the eight conditions that were generated when the three within-participant variables were crossed.
Materials. The materials were constructed as for Experiment 1 except that two test pairs were constructed for each block. Across blocks, the first test pair was assigned six times to each of the four Test Word New conditions and three times to each of the four Test Word Old conditions, and the second test pair was assigned three times to each of the four Test Word New conditions and six times to each of the four Test Word Old conditions.
Procedure. The procedure in the Short Interval condition was similar to that for Experiment 1 except that the period of counting backward was not included. After the last word in the list was presented, a message appeared, instructing the participant to prepare for the test. This message disappeared after 1000 ms and the test phase began. During the test phase, the following sequence of events occurred for each test pair. A message appeared announcing the next test pair. This message was replaced after 1000 ms by the preceding word, which remained on the screen until the participant responded, at which point it was replaced by the test word, which, in turn, remained on the screen until the participant responded. Feedback regarding the accuracy of the participant's responses to the preceding word and test word of each pair was presented, in the manner of Experiment 1, after the participant's response to the test word. The procedure for the Long Interval condition was the same as for the Short Interval condition except that the participant solved 6 mental arithmetic problems before responding to the test pairs. The number of problems was selected so that the retention interval in the Long Interval condition roughly matched the average retention interval in the experiments of Dopkins et al. (2010a) .
Results
Responses to the preceding word were fairly accurate (probability hit: .83; probability false alarm: .13). Again, the data for the test word were of primary interest. We first present the results of the noncontingent analysis.
Test word old. The hit-and false-alarm rate data are presented in Figure 1 . The hit rate was lower when the preceding word and test word were related than when they were unrelated [F(1, 62) 
Discussion
Phonological/orthographic relatedness increased the false-alarm rate regardless of whether the retention interval was short or long. The effect was, if anything, stronger when the retention interval was long than when the interval was short. These results suggest that the shorter retention interval of Experiment 1 was not crucial to the relatedness effect that occurred in the false-alarm-rate data for that experiment and, by implication, under the proposed interpretation, to the recording of phonological/orthographic information in the familiarity representation for that experiment. The effect of phonological/orthographic relatedness (d ϭ .40) was again not as large as the effects of semantic relatedness that Ngo et al. observed.
In other results, phonological/orthographic relatedness decreased the hit rate, as was expected. In addition, correct responses to a word of a given polarity (old or new) were impeded if the word followed a preceding word of the same polarity, with the effect for new test words being greater when the retention interval was long than when it was short. Dopkins, Sargent, and Ngo (2010b) observed a similar effect of preceding word polarity with a series of tasks that examined episodic recognition responses to successive test words, in the absence of phonological/orthographic relatedness. To explain the effect, Dopkins et al. proposed that the bias for a recognition decision becomes more conservative after a positive recognition decision. Because the pattern occurred only intermittently here, in the context of a phonological/orthographic relatedness manipulation, we will say nothing more about it.
Experiment 3
Experiment 3 again sought evidence that the short retention interval of Experiment 1 was crucial to the phonological/orthographic relatedness effect that occurred in the false-alarm-rate data of that experiment. The experiment resembled Experiment 1 in most respects except that the block structure followed the previ-7 FAMILIARITY REPRESENTATION tapraid5/cae-cae/cae-cae/cae00412/cae0181d12z xppws Sϭ1 9/18/12 7:34 Art: 2011-0250
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ously discussed experiments of Dopkins et al. (2010a) . On each of the eight blocks in the experiment, the participant read a 32-word study list of proper names and made recognition judgments to a test list of 32 test pairs. In the Related condition, the preceding word and test word were orthographically and phonologically related; in the Unrelated condition, the preceding word and test word were orthographically and phonologically unrelated. In the Test Word Old condition, the test word had appeared in the study list; in the Test Word New condition, the test word had not appeared in the study list. In the Short Interval condition, the test word appeared at the beginning of the test list; in the Long Interval condition, the test word appeared at the end of the test list. In the Short Interval/Test Old condition, the test word had appeared at the end of the study list. In the Long Interval /Test Old condition, the test word had appeared at a randomly selected serial position in the study list.
On the basis of the results of Dopkins et al. (2010a) , we expected that phonological/orthographic relatedness would not affect the false-alarm rate when the retention interval was long. The object of the experiment was to find out whether phonological/orthographic relatedness would increase the false-alarm rate when the retention interval was short. We reasoned that, if a phonological/orthographic relatedness effect occurred here, this would suggest that the shorter retention interval of Experiment 1 was crucial to the phonological/orthographic relatedness effect that occurred in the false-alarm-rate data of that experiment, and by implication, under the proposed interpretation, to the recording of phonological/orthographic information in the familiarity representation for that experiment. On the basis of the results of Dopkins et al. and Experiments 1 and 2, we expected that phonological/ orthographic relatedness would reduce the hit rate. Again, this result was not of primary interest.
Method
Participants. Fifty-two participants were run in the experiment.
Design. Relatedness (Related/Unrelated), Retention Interval (Short/Long), and Test Word Polarity (Old/New) were manipulated within participants. Crossing these three variables produced eight conditions. Over the course of the eight blocks in the experiment, eight test pairs were presented in each of these conditions. Materials. The materials for a given participant were created as follows: First, the crucial experimental test pairs were generated, as follows, from the same set of 72 name triples as was used to generate the test pairs for Experiments 1 and 2: (a) Sixty-four of the 72 triples were randomly selected for use with the participant. (b) The 64 triples were assigned to the eight blocks, eight triples to a block, according a random scheme that was unique to the participant in question. (c) The triples for each block were distributed among the eight conditions according to a random scheme that was unique to the participant in question. (d) A test pair was created as follows for a triple assigned to a given condition: The first name of the triple was the test word. For conditions in which the preceding word and test word were related, the second name of the triple was the preceding word. For conditions in which the preceding word and test word were unrelated, the third name of the triple was the preceding word.
Next, the study lists were created. Given the experimental test pairs that had been created for a particular block, the study list for the block was created as follows: (a) For the experimental test pairs that were assigned to conditions in which the test word was old, the test word was placed in the list; for test pairs assigned to the Short Interval condition, the test word was placed in serial position 1 or 2; for test pairs assigned to the Long Interval condition, the test word was placed in a randomly selected serial position. (b) For each of the experimental test pairs, the preceding word was placed in a randomly selected serial position in the list with probability .5. (c) The rest of the 32 words in the list were then sampled without replacement from a set of 792 names. Notice that the study list contained, on average, a single pair of rhyming names.
Finally, the test lists were created. Given the experimental test pairs and the study list that had been constructed for a particular block, the test list for the block was constructed as follows: (a Procedure. The procedure was the same as for Experiment 1 except that (a) each word in the list was presented for 1600 ms and followed by a 400-ms pause, and (b) 32 test pairs were presented after each list, with each pair being presented in the manner of Experiment 2.
Results
Test word old. The hit-and false-alarm rate data are presented in Figure 1 . The hit rate was lower when the preceding word and test word were related than when they were unrelated [F(1, 51) ϭ 6.73, MSe ϭ .03, p ϭ .01] and lower when the retention interval was long than when it was short [F(1, 51) 
Discussion
Phonological/orthographic relatedness did not increase the false-alarm rate regardless of whether the retention interval was short or long. These results suggest that the shorter retention interval of Experiment 1 was not crucial to the phonological/ orthographic relatedness effect that occurred in the false-alarmrate data of that experiment, and by implication, under the proposed interpretation, to the recording of phonological/orthographic information in the familiarity representation for the experiment.
In other results, phonological/orthographic relatedness reduced the hit rate, as was expected. In addition, several results were observed as a function of the length of the retention interval. The latter results are not central to the primary issue and will not be discussed further.
Experiment 4
Experiment 1 differed in a second way from the crucial experiments of Dopkins et al. (2010a) -it used shorter lists (12 words) than the experiments of Dopkins et al. did (32 words) . And, in fact, all of the results cited earlier as suggesting that the familiarity representation records perceptual information in the absence of specialized processing were observed with shorter lists than Dopkins et al. used (Arndt et al., 2008; Boldini et al., 2004; Rajaram, 1993 ). Thus, a second possible account of the contrast between the results of Experiment 1 and the experiments of Dopkins et al. is that the familiarity representation recorded perceptual information in Experiment 1, because the lists were relatively short, but not in the experiments of Dopkins et al., because the lists were relatively long. As to the reason for this, we can only speculate. An intuitive case can possibly be made that participants are more likely to encode perceptual information for a short than for a long list. When one encodes a list of words in perceptual terms, one highlights the relationships that exist among the different phonological and orthographic aspects of the words. As the length of a list increases, these relationships become more difficult to manage. Fewer phonological and orthographic than conceptual relationships can be managed because phonological and orthographic relationships cannot be combined into large scale structures as easily as conceptual relationships can.
Experiment 4 sought support for this account. The account predicts that if participants encode relatively long lists such as were used in the word-based experiments of Dopkins et al. (2010a) in the way that they encoded the relatively short lists of Experiment 1, then a phonological/orthographic relatedness effect should occur in the false-alarm-rate data for the long lists. The experiment tested this prediction. Participants performed the pairwise recognition task with most of the lists being short (12 words) but with a few of the lists being long (32 words). Because most of the lists were short, participants were implicitly encouraged to assume that each list was short when starting the process of encoding it. Participants were consequently implicitly encouraged to encode the long lists as if they were short (no explicit instructions were given regarding encoding). Our goal was to observe a phonological/orthographic relatedness effect in the false-alarm-rate data for the long lists, thereby confirming the prediction of the proposed account.
The experiment consisted of 32 Short List and four Long List blocks. In each Short List block, the participant read a 12-word study list and responded to a single test pair. In each Long List block, the participant read a 32-word study list and responded to a 32-pair test list. In the Related condition, the preceding word and test word were orthographically and phonologically related; in the Unrelated condition, the preceding word and test word were orthographically and phonologically unrelated. In the Test Word Old condition, the test word had appeared in the study list; in the Test Word New condition, the test word had not appeared in the study list.
Method
Participants. Forty-four participants were run in the experiment.
Design. Relatedness (Related/Unrelated), List Length (Short/ Long), and Test Word Polarity (Old/New) were manipulated within participants. Crossing these three variables produced eight conditions. Over the course of the experiment, eight test pairs were presented in each of these conditions. Materials. The materials for a given participant were constructed as follows: Sixty-four of the 72 name triples from Experiments 1-3 were randomly selected for use with the participant. Thirty-two of these triples were used in the 32 Short List blocks. The materials for these blocks were constructed as in Experiment 1 except that the preceding word for each block was placed in the list with probability .5 (because preceding word polarity was not manipulated as in Experiment 1). The rest of the 64 triples were used in the four Long List blocks. The materials for these blocks were constructed as in Experiment 3 except that the serial positions of the words in each study list and the test pairs in each test list were set randomly.
Procedure. The procedure in Long List blocks was the same as for Experiment 3. The procedure in Short List blocks was the same as for Experiment 1.
Results
Responses to the preceding word were fairly accurate (probability hit: .83; probability false alarm: .14. Again, the data for the test word were of primary interest. We first present the results of the noncontingent analysis.
Test word old. The hit and false-alarm rate data are presented in Figure 1 . The hit rate was lower when the preceding word and test word were related than when they were unrelated, [F(1, 43) Test word new. The false-alarm rate was higher when the preceding word and test word were related than when they were unrelated [F(1, 43) The mean time for correct negative responses was greater when the preceding word and test word were related than when they were unrelated [F(1, 43) The same general patterns were present in the contingent analysis (three subjects were excluded from this analysis because their data were incomplete), except that the interaction of the effects of Relatedness and List Length in the hit-rate data was not quite significant [F(1, 40) 
Discussion
Phonological/orthographic relatedness increased the false-alarm rate on blocks for which the study lists were long. This result is consistent with the proposed account of the results of Experiment 1. According to this account, phonological/orthographic relatedness increased the false-alarm rate in Experiment 1 but not in the experiments of Dopkins et al. (2010a) because the familiarity representation recorded perceptual information for Experiment 1 but not for Dopkins et al. This, in turn, was because the lists were shorter in the former than the latter case. The lists for the Short and Long List blocks were the same length, respectively, as the lists for Experiment 1 and the experiments of Dopkins et al. However, at the start of the encoding process for the Long List blocks, participants were implicitly encouraged to assume that the lists were short, like the lists of the Short List blocks; thus, participants were encouraged to encode the long lists in the same way that they encoded the short lists. As a result, phonological/orthographic relatedness increased the false-alarm rate for the long lists. As in Experiments 1 and 2, the effect of phonological/orthographic relatedness (d ϭ .42) was not as large as the effects of semantic relatedness that Ngo et al. observed. In an additional result, the relatedness effect in the hit-rate data was larger when the list was short than when it was long. This result has not been observed in past work. Because the latter relatedness effect is not the focus here, we will not discuss it further.
General Discussion
We have sought to explore the role of perceptual information in familiarity-based recognition using a new method that focuses on relatedness effects in a pairwise recognition task. If the false-alarm rate to the test word increases when the preceding word and test word are related as opposed to unrelated this is interpreted as reflecting an increase in the likelihood of positive familiarity assessment to the test word (Ngo et al., 2007) . The occurrence of a FARI for a given sort of relatedness in a given context is taken as indicating that this sort of information is involved in familiaritybased recognition in that context.
The present study helps to validate this method in several respects. Consider the primary assumptions underlying the method. First, it is assumed that a FARI under the method reflects familiarity-based recognition. Ngo et al. (2007) reported evidence supporting this assumption, as was described earlier. In further support of the assumption, the present results suggest that recollection plays an insignificant role in responses to new test words in the pairwise recognition task. Had recollection played a significant role in these responses, we should have seen evidence that responses to new words were based on a process of recall-to-reject. The involvement of such a process would have been most likely when the preceding word and test word were related and the preceding word was correctly remembered as old. Under these conditions, the stage would have been ideally set for recall-toreject-participants could have made a negative response to the test word on the basis of the fact that they remembered a related word as being old. Yet participants do not seem to have engaged in much recall-to-reject processing under these propitious conditions. As testimony to this, we appeal to the contingent analysis of the results of our manipulation of preceding word polarity. A FARI of approximately the same size was observed regardless of whether the preceding word was correctly remembered as being old or new. If a significant proportion of responses to new test words had reflected a recall-to-reject process, a smaller FARI should have been observed when the preceding word was remembered as old than when it was remembered as new. We seem to be justified, therefore, in concluding that a FARI under our method primarily reflects familiarity-based recognition.
A second assumption under the present method is that the observation of a FARI as a function of a given sort of relatedness implies the involvement of the corresponding sort of information in familiarity-based recognition. In support of this assumption, we observed a FARI as a function of perceptual relatedness under conditions that previous work suggested should foster greater involvement of perceptual information in familiarity-based recognition than the conditions of Dopkins et al. (2010a) , who did not observe a FARI as a function of perceptual relatedness. The results support the proposed assumption in that the conclusions reached under the assumption are consistent with the conclusions reached on other grounds. In sum, the present results help to validate the pairwise recognition method as a means of exploring the representational basis of familiarity-based recognition.
In fact, the present results suggest that the pairwise recognition method may be useful in studying the representational basis of recollection as well as familiarity-based recognition. The key result here is the hit-rate decrease (HRD) that occurred to the test word when the preceding word and test word are related. Dopkins et al. (2010a) first reported this HRD and we observed it in all of the experiments of the present study. We suggest that, whereas a FARI in the pairwise task reflects familiarity-based recognition, a HRD reflects recollection. We assume, as in compound cue accounts of priming, that features of the preceding word and test word are combined in the cue that is used in the recognition judgment to the test word (Dosher & Rosedale, 1989; Ratcliff & McKoon, 1988) . We propose that recollection of the test word is impeded when the preceding word and test word are related because a cue containing features of the preceding word and test word is less likely than a cue containing only features of the test word to retrieve the memory record for the test word. In light of our assumption that the likelihood of positive familiarity assessment increases when the preceding word and test word are related, we presume that combining the features of the preceding word and the test word in the recognition cue produces different results in recollection and familiarity-based recognition. This is because recollection is capable of greater discrimination than familiaritybased recognition. It is worth noting in this context that the HRD and FARI in conjunction constitute a mirror effect (Glanzer, Adams, Iverson, & Kim, 1993) and that, whereas mirror effects have been explained in terms of both one and two factors (Greene, 2007) , our explanation relies on two factors.
Our interpretation can be instantiated in terms of the complementary learning systems (CLS) model-one of the most fully specified dual process models. In this neurally inspired model, recollection occurs when the recognition cue elicits retrieval of a memory record that sufficiently matches the cue. Familiarity-based recognition occurs when the recognition cue elicits a high enough level of activation in the most active units in the familiarity network that the units can be assumed to have been trained to detect the cue. Recollection occurs in terms of a sparser system of coding than familiarity-based recognition and is therefore capable of a higher level of discrimination than familiarity-based recognition.
To demonstrate that the CLS model can account for the HRD and the FARI, we conducted a simulation as follows: Each of 40 "participants" learned a list of 30 words in the recollection and familiarity systems and then made recognition judgments with both systems to test words that were either old or new and that followed either related or unrelated preceding words. During the study phase, each word was represented in the input layer of the model in standard fashion-as a pattern of activation in which one of 10 units was activated for each of 16 slots. Twenty percent of the slots for a given pair of words had the same active units. We assumed standard CLS learning parameters. During the test phase, when the preceding word and test word were related, the representations of the preceding word and test word shared all but one active unit. When the preceding word and test word were unrelated, the representations of the two words shared 20% active units. When the preceding word and test word were related, the recognition cue for the test word was an additive combination of the preceding word and test word representations. The results of the simulation supported our proposed account (See Figures 2 and  3 ): For old test words, the recall score, which indexes the efficacy of recollection, was smaller when the preceding word and test word were related than when they were unrelated, F(1, 39) ϭ 9.32, MSe ϭ .017. At the same time, act-win, which indexes the amount of activation in the most active units in the familiarity network, was greater when the preceding word and test word were related than when they were unrelated, F(1, 39) ϭ 5.68, MSe ϭ .00001. For new test words, the recall score did not vary as a function of whether or not the preceding word and test word were related (the recall score was consistently 0 in both cases); at the same time, act-win was greater when the preceding word and test word were related than when they were unrelated, F(1, 39) ϭ 34.86, MSe ϭ .0001]. Given these results, we can explain the HRD and the FARI if we assume that, when the effects are observed, responses to old and new words reflect primarily recollection and familiarity-based recognition respectively. Joordens and Hockley (2000) have made a similar assumption in a dual process account of the word frequency mirror effect (the CLS model does not specify the manner in which the output of the recollection and familiarity processes are combined in a recognition judgment).
We obtained support for our account of the HRD and FARI in a follow-up experiment. We sought to show that, when the response interval was short, as in Ngo et al. (2007) , so that recollection and familiarity-based recognition would be expected to play, respectively, smaller and larger roles in responses to old test items than in the present experiments, perceptual relatedness increased rather than decreased the hit rate to the test item. We used pronounceable nonwords as stimuli for the experiment under the expectation that the effects of familiarity-based recognition would be strong for such stimuli. Each crucial test item was presented six times in its study list to insure that participants acquired a memory record for it. The test item was old or new, and the preceding item and test item were perceptually related or unrelated (burdop/ gurdop vs. hitdef/gurdop) (the list status of the preceding item was allowed to vary randomly). A response signal was used to induce responses either 300 ms. or 1000 ms after the appearance of the test item. At the long response interval, the HRD and the FARI were observed. At the short response interval, an increase in the hit rate and the FARI were observed. Thus, the predictions of our account were confirmed. These results suggest that the pairwise recognition method may be useful in studying the representational basis of recollection as well as familiarity-based recognition. Notice that the follow-up experiment supporting this conclusion was made possible by the present finding that the familiarityrepresentation records perceptual information.
The present results reinforce earlier evidence, obtained with remember/know (Gardiner et al., 2006; Gardiner et al., 2001; Gregg & Gardiner, 1994; Rajaram, 1993) response signal (Boldini et al., 2004) and nonword learning procedures (Arndt et al., 2008) that perceptual information plays a role in familiarity-based recognition. More important, the present results speak to the boundary conditions for the involvement of perceptual information in familiarity-based recognition. We found evidence for such involvement in Experiments 1 and 2 with short word lists and in Experiment 4 with long lists appearing in the context of short lists. We found no evidence of such involvement in Experiment 3 with long lists appearing in the context of long lists. These results suggest that perceptual information is more likely to be recorded in the familiarity representation for short than for long lists. Previously, perceptual information has been shown to be involved in familiarity-based recognition under specialized processing conditions (e.g., when participants perform a perceptual task at study and when participants' attention is divided at study (Gardiner et al., 2006; Gardiner et al., 2001; Gregg & Gardiner, 1994) . The present results suggest stimulus-based conditions on the involvement of perceptual information in familiarity-based recognition.
In conjunction with the results of Ngo et al. (2007) and Dopkins et al. (2010a) , our results speak to the viability of the positions that were outlined earlier regarding the representational basis of familiarity-based recognition. The results of Ngo et al. (2007) speak against the view that the familiarity representation records only perceptual information (Mandler, 1980) . Our results speak against the view that this representation records only conceptual information (Brainerd et al., 1999) . Thus, taken in conjunction with the results of Ngo et al., our results suggest that the familiarity representation records both perceptual and conceptual information (Jacoby, 1991) .
At the same time, in conjunction with the results of Ngo et al. (2007) , our results suggest that the familiarity representation has a stronger affinity for conceptual than perceptual information. Whereas Ngo et al. observed a conceptual relatedness effect with short lists and long lists, we observed a perceptual relatedness effect only with short lists and long lists appearing in the context of short lists. The perceptual relatedness effect that we observed was not as large as the conceptual relatedness effect that Ngo et al. observed . In suggesting that the familiarity representation has a stronger affinity for conceptual than perceptual information, our results provide some support for the link that Brainerd et al. (1999) have drawn between conceptual information and familiarity-based recognition. Thus, our results are consistent with the view that familiarity-based recognition reflects the long-term knowledge system (Norman & O'Reilly, 2003) .
Résumé
Une nouvelle méthode a été utilisée pour explorer le rôle de l'information perceptuelle dans la reconnaissance fondée sur la familiarité. La méthode repose sur une tâche de reconnaissance par paires pour comparer les jugements de reconnaissance d'un mot cible quand ce mot est relié ou non au mot le précédent immédi-atement. Si le taux de fausses alarmes est plus élevé lorsque les deux mots sont reliés, cela est interprété comme reflétant une augmentation de la probabilité dans l'évaluation de la familiarité positive du mot cible (Ngo, C. T., Sargent, J., & Dopkins, S. [2007] . Level of discrimination for recognition judgments reduced following the recognition of semantically related words. Journal of Memory and Language, 57, 415-436. doi:10.1016/j.jml.2007 .05.007). L'occurrence d'une telle augmentation pour un type donné d'association du mot précédent le mot cible est vue comme indiquant que l'information du type en question est impliquée dans la reconnaissance fondée sur la familiarité. Alors que les travaux antérieurs n'ont pas permis de mettre en évidence le rôle de l'information perceptuelle dans la reconnaissance fondée sur la sur la familiarité, la présente étude a permis de le faire, dans des conditions où les travaux antérieurs avec d'autres méthodes suggéraient que l'information perceptuelle était potentiellement impliquée dans la reconnaissance fondée sur la familiarité. Ainsi, l'étude a contribué à valider la méthode et a produit des données convergentes soutenant que l'information perceptuelle est parfois impliquée dans la reconnaissance fondée sur la familiarité. Les résultats de l'étude suggèrent que l'information perceptuelle est plus susceptible d'être impliquée dans la reconnaissance fondée sur la familiarité lorsque les listes pour la tâche de reconnaissance sont courtes.
Mots-clés : familiarité, reconnaissance, perceptuel, double processus.
